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DETAILED ACTION 
Claim Rejections - 35 USC § 112 

1. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

2. Claim 1-9 are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for failing 
to particularly point out and distinctly claim the subject matter which applicant regards as the 
invention. Claim 1 recites, "the silicon crystal is pulled up by lowering a growth condition V/Gi 
to near a critical value" in line 3-4. It is unclear what the "critical value" is and how "near" a 
value needs to be to satisfy the claimed limitation. The same arguments apply to claims 2-9. 

3. Claims 17-20 are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. Claim 17 recites, "an average void defect density over the entire plane of the 
silicon wafer is not more than 5xl0 6 /cm 3 " in lines 2-3. It is unclear how a plane can have density 
in cm 3 because a plane is flat, thus two dimensional. 

Claim Rejections - 35 USC §102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 
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5. Claims 1 and 4 are rejected under 35 U.S.C. 102(b) as being anticipated by Okui et al (US 
6,458,204). 

Okui et al discloses a method of manufacturing a silicon wafer from a silicon crystal 
pulled from a silicon melt comprising a boundary between the silicon crystal and the melt during 
the pulling of the silicon crystal being convex with respect to the melt surface (Abstract, Fig 3b, 
and col 4, In 35-65). Okui et al also discloses pulling while maintaining the solid-melt interface 
in convex shape and temperature distribution effects the shape of the solid-melt interface (col 5, 
In 65 to col 6, In 15 and col 7, In 1-15). Okui et al also discloses controlling the axial temperature 
gradient to obtain a convex shape (col 10, In 20-40). 

Okui et al does not specifically disclose the silicon crystal is pulled by lowering a growth 
condition V/Gi to a near critical value in a state in which the axial temperature gradient near the 
melting point of the crystal is increased and the solid-liquid interface is convex. However, this 
feature is inherent to Okui et al because Okui et al discloses forming a convex solid-liquid 
interface and controlling the axial temperature gradient to obtain the shape at a particular pulling 
rate. Therefore, the V/Gi condition claimed by applicant is inherent to Okui et al because Okui et 
al discloses forming a convex shape. 

Referring to claim 4, Okui et al discloses magnetic field (col 9, In 15-30). 

6. Claims 10-16 are rejected under 35 U.S.C. 102(b) as being anticipated by Inagaki et al (US 
2002/0144641 Al). 
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Inagaki et al discloses an apparatus for pulling a silicon single crystal comprising a cooler 
19 provided above a silicon melt 12 for cooling the silicon-crystal (Abstract and [0181]-[0184]). 
Inagaki et al also discloses a take up machine connected to a wire for pulling the crystal ([0292] 
and Fig 18), this reads on applicant's pulling mechanism. 

In regards to the limitation where the silicon crystal pulling rate and an amount of cooling 
by the cooler are adjusted thereby lowering a growth condition to a near critical value in a state 
in which the axial temperature gradient near the melting point of the silicon is increased and a 
solid-liquid interface which is a boundary between the silicon crystal and the melt during the 
pulling of the silicon crystal is convex with respect to the melt and the silicon crystal is pulled 
up, these limitations are merely intended use. A recitation of the intended use of the claimed 
invention must result in a structural difference between the claimed invention and the prior art in 
order to patentably distinguish the claimed invention from the prior art. If the prior art structure 
is capable of performing the intended use, then it meets the claim. Inagaki et al discloses all of 
the structural limitations of the apparatus and is capable of the claimed intended use, thus meets 
the claimed apparatus. 

Referring to claims 11-12, claim 1 1 only further limits claim 10 by specifying the 
intended use of the apparatus and claim 12 has the same structural limitations of claim 10, which 
is discussed previously, but differs in the intended use limitations. A recitation of the intended 
use of the claimed invention must result in a structural difference between the claimed invention 
and the prior art in order to patentably distinguish the claimed invention from the prior art. If the 
prior art structure is capable of performing the intended use, then it meets the claim. Inagaki et al 
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discloses all of the structural limitations of the apparatus and is capable of the claimed intended 
use, thus meets the claimed apparatus. 

Referring to claims 13-14, Inagaki et al discloses a distance of 150 mm or thereabouts 
([0184]). 

Referring to claim 15-16, Inagaki et al does not discloses a gap of 20-100 mm. However, 
this is merely an intended use of the apparatus. A recitation of the intended use of the claimed 
invention must result in a structural difference between the claimed invention and the prior art in 
order to patentably distinguish the claimed invention from the prior art. If the prior art structure 
is capable of performing the intended use, then it meets the claim. Inagaki et al discloses all of 
the structural limitations of the apparatus and is capable of the claimed intended use because the 
cooler is movable in the vertical direction ([0185]-[0194]), thus meets the claimed apparatus. 

7. Claim 17-18 are rejected under 35 U.S.C. 102(b) as being anticipated by Nakamura et al 
(WO 01/71069 Al), where US 6,869,478 is used as an accurate translation. 

Nakamura et al teaches producing a defect free crystal where defect free means no voids 
defects, nor oxidation induced stacking faults or dislocation clusters ('478 col 14, In 1-40). 

Nakamura et al is silent to the size or density of void defects however no void defects 
inherently means zero defects with no size. 

Claim Rejections - 35 USC §103 

8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

9. Claims 2, 3 and 5-6 are rejected under 35 U.S.C. 103(a) as being unpatentable over Okui et al 
(US 6,458,204) as applied to claims 1 and 4 above, and further in view of Inagaki et al (US 
2002/0144641 Al). 

Okui et al discloses all of the limitations of claim 2, as discussed previously, except that a 
cooler is used to cooler the silicon crystal and the growth rate V is from 75-97% of Vmax. 

In a method of pulling a silicon single crystal, note entire reference, Inagaki et al teaches 
as a cooler 19 is disposed within a CZ furnace and an increase in the temperature gradient of the 
body of the single crystal results in miniaturization of crystalline imperfections ([0184]). Inagaki 
et al also teaches the rate at which the silicon ingot is to be pulled can be increased and the 
production efficiency of the ingot can be improved ([0184]). 
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It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify Okui et al by using the cooler taught by Inagaki et al to increase the 
temperature gradient and improve productivity by increasing the growth rate. 

The combination of Okui et al and Inagaki et al does not teach the growth rate V is from 
75-97% of Vmax. It would have been obvious to a person of ordinary skill in the art at the time 
of the invention to modify the combination of Okui et al and Inagaki et al by optimizing the 
pulling rate to obtain the claimed pulling rate by conducting routine experimentation to optimize 
productivity. 

Referring to claim 3, the combination of Okui et al and Inagaki et al teaches using a 
cooler to control the temperature gradient and the temperature gradient effects the convex shape 
('641 [0184] and '204 col 10, In 15-40). 

Referring to claim 5, the combination of Okui et al and Inagaki et al teaches using a 
cooler and controlling rotational speed of the crystal and the rotational speed of the crucible 
('204 col 4, In 35-65). 

Referring to claim 6, the combination of Okui et al and Inagaki et al teaches using a 
cooler and producing a wafer with no OSF defects ('204 Table 1 and 2). The V/Gi is expected to 
be near a critical value because a convex shape is obtained in the melt-solid interface and a wafer 
with no OSF defects is obtained, which is similar to the process taught by applicants. 

10. Claims 7-9 and 17-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over Okui et 
al (US 6,458,204) in view of Inagaki et al (US 2002/0144641 Al) as applied to claims 2, 3 and 
5-6 above, and further in view of Akiyama et al (EP 1 137069 Al). 
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The combination of Okui et al and Inagaki et al teaches all of the limitations of claim 7, 
as discussed previously, except the claimed oxygen concentration. 

In a method of making a wafer from an ingot about by the Czochralski process, note 
entire reference, Akiyama et al teaches it is preferable to have an oxygen concentration of 18 
ppma or less and if the oxygen concentration is low, growth of the crystal defects can be further 
suppressed ([0090] and [0082]). The conversion of 18 ppma to atoms/cm 3 is 9xl0 17 atoms/cm 3 , 
as evidenced by Borgini et al (US 2002/0179006 Al in paragraph [0022]. Overlapping ranges 
are held to be prima facie obvious (MPEP 2144.05). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify the combination of Okui et al and Inagaki et al by using a low oxygen 
concentration, as taught by Akiyama et al, to suppress crystal defects. 

Referring to claim 8-9, the combination of Okui et al, Inagaki et al and Akiyama et al 
teaches annealing at 1 100-1300°C in an Ar atmosphere, this clearly suggests applicant's non- 
oxidative atmosphere, to eliminate defects from the surface of the wafer and producing a wafer 
with no OSF ('069 [0093] and '204 Table 1). 

Referring to claims 17-18, the combination of Okui et al, Inagaki et al and Akiyama et al 
teaches no OSF ('204 Table 1) and a method of reducing the number of COPs, which are void 
defects, to less 100 having a size of 0.09 (am or more ('069 Fig 6) and the COP density of 
0.2/cm 2 ('069 Table 1). The combination of Okui et al, Inagaki et al and Akiyama et al does not 
teach the average void defect density over the entire plane of a silicon wafer to not more than 
5xl0 6 /cm 3 . However, this is expected because the COP density 0.2/cm 2 is so low compared to 
the value of 5xl0 6 / and void defects are nearly completely eliminated by the treatment and in the 
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plane would suggest a third dimension of nominal size. Furthermore, combination of Okui et al, 
Inagaki et al and Akiyama et al teaches a similar process of growing a crystal with a convex melt 
interface with a low amount of oxygen and heat treating in a non-oxidative atmosphere at greater 
than 1000°C, as applicant; therefore a similar process is expected to produce a wafer with similar 
properties. 

11. Claims 17-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over Okui et al (US 
6,458,204) in view of Akiyama et al (EP 1 137069 Al). 

Okui et al discloses forming a wafer with no OSF by pulling (Table 1). 

Okui et al does not teach the claimed an average void density or average void size. 

In a method of making a wafer from an ingot about by the Czochralski process, note 
entire reference, Akiyama et al teaches it is preferable to have an oxygen concentration of 18 
ppma or less and if the oxygen concentration is low, growth of the crystal defects can be further 
suppressed ([0090] and [0082]). Akiyama et al also teaches a heat treatment to reduce the 
number of COP, which are void defects, having a size of 0.09 |um to less than 100 (Fig 6), this 
clearly suggests applicant's average void defect size is not more than 100 nm. Akiyama et al also 
teaches the COP density of 0.2/cm 2 (Table 1 and [0113] and [0120]), this clearly suggests 
applicant's average void defect density over the entire plane of a silicon wafer to not more than 
5xl0 6 /cm 3 because the COP density of 0.2/cm 2 is so low compared to the value of 5xl0 6 /cm 3 and 
void defects are nearly completely eliminated by the treatment and "in the plane" would suggest 
a third dimension of nominal size. 
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It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify Okui et al by Akiyama's process of forming a wafer with no void defects to 
produce a desirable defect free wafer. 

12. Claims 17-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over Nakamura et al 
(WO 01/71069 Al), where US 6,869,478 is used as an accurate English Translation, in view of 
Falster et al (US 2002/0121238 Al). 

Nakamura et al teaches producing a defect free crystal where defect free means no voids 
defects, nor oxidation induced stacking faults or dislocation clusters ('478 col 14, In 1-40). 

Nakamura et al does not teach setting a carbon concentration to lxlO 15 atoms/cm 3 . 

In a method of forming silicon single crystals, note entire reference, Falster et al teaches 
carbon present as an impurity in a single crystal silicon is preferably less than 5xl0 15 atoms/cm 3 
([0163]), overlapping ranges are held to be prima facie obvious (MPEP 2144.05). Falster et al 
also teaches carbon has the ability to catalyze into oxygen precipitate nucleation centers so it is 
preferred to keep carbon low ([0163]). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify Nakamura et al by having a low carbon concentration, as taught by Falster 
et al, within the claimed range because carbon produces defects thus less carbon is desirable to 
produce fewer defects. 

Referring to the limitation of producing defect free silicon by adjusting growth 
conditions, this is a product-by-process limitation and the patentability determination of a 
product-by-process claim is based on the patentability of the product and does not depend on its 
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method of production (MPEP 2113). The product taught by the prior art meets all of the product 
limitations, thus meets the claimed limitation. 

Referring to claims 17-18, the combination of Nakamura et al and Falster et al teaches a 
defect free crystal with no void defects or OSF. The combination of Nakamura et al and Falster 
et al is silent to the size or density of void defects however no void defects would clearly 
suggests zero defects with no size. 

13. Claim 21 is rejected under 35 U.S.C. 103(a) as being unpatentable over Holder et al (US 
6,039,801) in view of Everts (US 5,443,034). 

Holder et al discloses a pulling apparatus comprising supplying argon from near the top 
of the pulling apparatus through inlet 36 and exhausting gas through an exhaust system 24 
located below (col 4, In 1-35 and Fig 1). Holder et al also teaches a crucible 12, and heat shield 
40 and 42. 

Holder et al does not teach the heat shield can be raised and lowered. 

In an apparatus for crystal pulling, note entire reference, Everts teaches a CZ furnace 
where a heat shield can be raised an lowered above a crucible (Abstract). Everts also teaches a 
heat shield that is compact, simple to use and would compensate for the differences in height 
between the raw silicon and the molten silicon bath (col 1, In 60 to col 2, In 5). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify Holder et al by using the heat shield that can be raised and lowered, as 
taught by Everts, to compensate for differences in height and adjust the heat shield to a desired 
location during manufacturing. 
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Referring to the limitations of requiring positioning of the heat shield where a carbon 
concentration inside the pulled single crystal is 3xl0 15 atoms/cm 3 or less and the silicon single 
crystal is pulled with growth conditions adjusted such that defects are eliminated from the pulled 
silicon single crystal, these are merely intended use limitations. A recitation of the intended use 
of the claimed invention must result in a structural difference between the claimed invention and 
the prior art in order to patentably distinguish the claimed invention from the prior art. If the 
prior art structure is capable of performing the intended use, then it meets the claim. The 
combination of Holder et al and Everts teaches all of the structural limitations of the apparatus 
and is capable of the claimed intended use, thus meets the claimed apparatus. 

Conclusion 

14. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

Borgini et al (US 2002/0179006 Al) teaches a wafer may have an oxygen concentration 
falling anywhere within the range attainable in a CZ process, which is typically about 5xl0 17 to 
about 9xl0 17 atoms/cm 3 or about 10 to about 18 ppma ([0022]). 

15. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Matthew J. Song whose telephone number is 571-272-1468. The examiner 
can normally be reached on M-F 9:00-5:00. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Yogendra Gupta can be reached on 571-272-1316. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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